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© Reagent for immunoassay, and device using the same. 

CM 

<©> A reagent for use in an immunoassay for measuring haptens, antigens or antibodies by means of a 
CO competitive binding method, which comprises a combination of an antibody and a labelled hapten or a labelled 
'-antigen or a combination of a hapten or an antigen and a labelled antibody, wherein the antibody and the 
00 labelled hapten or the labelled antigen in one combination or the hapten or the antigen and the labelled antoody 
COin another combination are capable of undergoing reversible binding, and a device for use in an .mmunoassay 
2 wherein the reagent of the present invention is included in a single container. 

^ An immunoassay can be performed in a short time by the use of the immunoassay.dev.ee of the present 
©invention. 
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Reagent for Immunoassay, and Device Using the Same 



BACKGROUND OF THE INVENTION 

This invention relates to a reagent for use in an immunoassay and an immunoassay device in which Ihe 
Sn n g me'S 3 ** m6aSUrin9 ^ ^ °' a " tib ° dieS * ™™ « • compete 

Backed by the recent rapid progress in immunology and genetic engineering, various methods as well 
o^SoS.*" nt ^^ b8 ^ * ^ bee'devetoped mS s ^ 

Such ar .immune reaction-aidedumeasuremem^ is. divided ^hierlyl into" a ' sandwich ..method and a 
cqmpetit,ye binding method iQ F,,the basis.oUtie measuring principles , . . . . 

A pnnciple of ihe sandwich method, in the case of an antigen as a . substance toi'be detected for 
SSt?? ^ <Mlltom>) ^between .an antibody (insoluble antibody 

^ ^ AM*,** ^rmertbte^MMx*^,***. (determinant group) ■■ of the antSen 
^■^^,^m^ h m^^(^,am^. «h|*.4*. .has a.specific affinity^ £ another 
S ed T?h? r0UP 0f! * e , a ^^l^^ of the antigen in the samel 

^l£SfSf ,Q T^^ ,> ^ m antib ° dy '- test substance has to be an 
antigen which has at least, ^spec,^ determinant groups,.-., „„. ,„„ ,. -„j ' 

Many studies have been performed on the sandwich method "which is' generally used for the 
SS£S ^^^^^ P ^ -^ides. ,i P ids and 



^l»58?- Por .exa^pje., since the: reagent for use in the. measurement of antigens , comprises an 

""I ,ab? " ed 3nd *»» inS0lwbte «d,.^W antibodirdZ react 

each other if they are coexisted, an assay kit in which both of these antibodies are previously, included in a 

TSZeV^ll" V! °T aU,0matiC meaSUfin9 d6ViCe h -hichan.immune reaction 
can be started by simply adding a test sample into a container has been developed 

for exirr™ 6 ? COmpeMi ^ bir,di "9 method ' in the case of an antigen as a .substance^ be detected 
ouan^n Ihl * t ^ * ""P* 3 labe " ed a " ,i9en ^P^ely bqund to an antibody and the 
I" ! , n 'n„r t f S r P ' e " ' hen meaSUr6d baSed ° n ,he Si 9" als Pnginated.from.the labelled 

o^e^S?2nT h t"? 10 be ,6Sted be 6ither ° f 30 an "9 enic substance having only 
Z Jn ZT, ?k , P „ an 3ntlb0dy Prep3red fr ° m SUCh an substance, and also either of a 

T!Z^S ( M " PfePared ^ USi " 9 a " j — ° 9e " iC ™ of a hapten and 

H-H :T ^T Peti, r bindinQ method is generally used for the measurement of substances which are 
difficult to. be analyzed, by the sandwich technique, for example, substances having relatively low motu lr 
weights, such as steroids, amines, amino acids and peptides. molecular 
In the convenient competitive binding method, however, the antigen-antibody reaction is irreversible 
Therefore, in the case of an antigen as a substance to be detected for example, accurate 

.'c, C ded V o ,v aSr 3 labe :'f h d ami9en ^ int ° 3 COntainer ' WhiCh a " inSOluble ar-bo^SZZS 
included only after or at the same ..me of, , the addition of a sample into the container. In consequence ft 

has been cons.dered generally ...that an insoluble antibody , and a labelled antigen for use in an immune 
reacnon could not be included together in one container prior to the addition of a sample 

As described above, the competitive binding method is a useful technique for the measurement of trace 
ubstances hav.ng re,a.ive.y low molecular weights. However, complex operations ar 7% Z T n h c e 
of manual measurement, because an insoluble antibody and a labelled antigen for use fn an immune 
reac ,on have to be included in separate containers and the labe.led antigen he'd in the se P ate c n^ine 
inso ,?h? T, , " • ° f 3t Same ,ime °'" the additi ° n ° f 3 Sam P ,e int ° tne container! which he 

te ™ lo Sem"^ '^T' J ^ 3 Wm *' ^ and ^ a 'abeZ anSg 
obstacle to Ihe development of an automata device for the measurement of multiple items 
labeSd antioTin^ 0 ' inlr 9 *f " Pf ° b ' em ' 3 ^ ' Mn * both an insol ^le antibody and a 

However, these pr.or patents do not disclose stabilities of the insoluble antibody and labelled antigen with 
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the passage of time when the method is applied to a practical operation. Therefore, a problem of stabilities 
with the passage of time still remains unsolved. 

5 SUMMARY OF THE INVENTION 



In view of the above, it therefore becomes an object of the present invention to provide an immunoas- 
say reagent making use of the principle cf the competitive binding method, which comprises a combination 
io of reversibly bindable insoluble antibody and labelled hapten, a combination of reversibly bindable insoluble 
antibody and labelled antigen, a combination of reversibly bindable insoluble hapten and labelled antibody, 
or a combination of reversibly bindable insoluble antigen and labelled antibody. 

Another object of the present invention is to provide a device for use in an immunoassay wherein any 
one of the above-described immunoassay reagents is iriciuded : in a single container. 
is In one form of the present invention, there is provided a reagent for use in an immunoassay for 
measuring a hapten, comprising ; = ■ - :: ,V- : '-^ ; . 

. . (a) a labelled hapten comprising a first hapten and k labelling agent bound to Said first hapten, and 

(b) -an antibody prepared by using an immunogeh Comprising a second hapten- and ati imm'uhosictive 
. carrier bound- lo said second hapten, wherein said first and second haptens are individually selected from 

• 20 .- the group consisting of the hapten to be measured arid derivatives thereof , and " 

said labelled hapten (a) and said antibody (b) are capable of undergoing reversible binding; ! 
or a reagent for use in an immunoassay for measuring^ hapten; comprising ^ i: - ,: i; 

(c) ' a first hapten! and : : ••' ij 1 : 1 = ' — r -' : "■ [i ' r *'''■"" 

\d) a labelled antibody comprising r an antibody (b) : prepared' by usiricj ah immanog'en'-'com^prising a 
25 second hapten and an immunoactive carrier bound to' 'Said' second hapten, anc a labelling agentbound to 
said antibodyV wherein said first arid second haptens are individually selected from' the ^roup consisting of 
the hapten to be measured and derivatives thereof, and ;>: 

said first hapten (c) and said labelled ! antibody (d) are capable of undergoing reversible binding. 

- In a second form of the present-invention, there 'is provided a reagentfor use in an immunoassay for 
30 measuring an antigen, -comprising : - :,{ ' !! • r " • 

(e) a labelled antigen comprising a first antigen 1 and a labeHihg ; ageht bound to said first antigen, and 

(f) an antibody prepared by using ari immuriogen of 'second antigen, wherein said first and second 
antigens are individually selected from the group consisting of the antigen to be measured and derivatives 
thereof, and 

35 said labelled antigen (e) and said antibody (f) are capable of undergoing reversible binding; 
or a reagent for use in an immunoassay for measuring an antigen, comprising 

(g) a first antigen, and 

(h) a labelled antibody comprising an antibody (f) prepared by using an immunogen of a second 
antigen, and a labelling agent bound to said antibody, wherein said first and second antigens are 

40 individually selected from the group consisting of the antigen to be measured and derivatives thereof, and 
said first antigen (g) and said labelled antibody (h) are capable of undergoing reversible binding. 

In a third form of the present invention, there is provided a reagent for use in an immunoassay for 
measuring an antibody, comprising ^ - 

(a) a labelled hapten comprising a first hapten and a labelling agent bound to said first hapten, and 

as (b) an antibody prepared by using an immunogen comprising a second hapten and an immunoactive 

carrier bound to said second hapten, wherein said first and second haptens are individually selected from 
the group consisting of the hapten to be measured and derivatives thereof, and 
said labelled hapten (a) and said antibody (b) are capable or undergoing reversible binding; 
or a reagent for use in an immunoassay for measuring an antibody, comprising 

so {c) a first hapten, and ; 

(d) a labelled antibody comprising an antibody (b) prepared by using an immunogen comprising a 
second hapten and an immunoactive carrier bound to said second hapten, and a labelling agent bound to 
said antibody, wherein said first and second haptens are individually selected from the group consisting of 
the hapten to be measured and derivatives thereof, and 

55 said first hapten (c) and said labelled antibody (d) are capable of undergoing reversible binding. 

In a fourth form of the present invention, there is provided a reagent for use in an immunoassay for 
measuring an antibody, comprising 

(e) a labelled antigen comprising a first antigen and a labelling agent bound to said first antigen, and 
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35 



40 



f5 



(f) an antibody prepared by using an immunogen of second antiaen whprpin «-h r ♦ , 
«1 ™™„^^" 9 " , - <e, 3 " d an ' ib0d, ft " Capabl8 01 ""^"9 binding 

• • BRIEF DESCRIPTION OF THE DRAWINGS '' 

DETAILED DESCRIPTION OF THE INVENTION 

Pmc Tei:77^zi ih : ££^r?£ base r, the assump,ion that an 

irreversible. . mat ' 0n ° f antl 9 e "- a ntibody complexes and the reaction is almost 

a h^uStS 1*?^^ PrSdiCted 3 C ° mbina,i0n ° ( an 
antibody and the hapten ^eve sTe ™ ~ eqUilibrium S,a,e **** «« binding of the 

of the principle of the 0!^ ^ T^TT^ ^ C ° M b@ estab,ished maki "9 »• 
method, a combination 0 ™L ^ h Such a ^ competitive binding 

hapten and a labelled antibody for use fn an intendt 1 P ° f 3 combination °' an insoluble 

-ay be included previously in' a inole comainer Surh * reaCt ' 0n ** the tamu "°**V of haptens, 
usable even when an immune reac o In^t * COmpetiiive binain 9 method may also be 

period, because, due to The reverstL Mu eot Tr^ "TIVT *" ^ the prese ™ 
•>he insoluble antibody moLdes or 'he til^Z? " ? 1 '"^ haP ' 6n m °' eCUleS °" Ce bound to 
molecules wil, be unboun Ta ga n in rJS^T 1 ,^ < ? e inS °' Ub,e hapten 

injected into the container and instead C h Jl T , m °' ecules in a sam P le n « w ly 

molecules. ' Stead ' ' he hapten molecules in the sample will, bind to the antibody 

antibirar^z^or't'rrr zztt :r on have predicted »*• » a c — <* an 

-V and bind^t the an ~ T^Z^s ^T.nSg 



EP 0 383 313 A2 



method could be established making use of the principle of the commonly used competitive binding 
method. In such a new competitive binding method, a combination of an insoluble hapten or an insoluble 
antigen and a labelled antibody or another combination of an insoluble antibody and a labelled hapten or a 
labelled antigen, for use in an intended immune reaction for the immunoassay of antigens or antibodies, 
s may be included previously in a single container. Such a new competitive binding method may also be 
usable even when an immune reaction occurs between the insoluble antibody and the labelled hapten or 
the labelled antigen or between the insoluble hapten or insoluble antigen and the labelled antibody during 
the preservation period, because, due to the reversible nature of the reaction, the labelled antigen 
molecules once bound to the insoluble antibody molecules or the labelled antibody molecules once bound 
10 to the insoluble antigen molecules will be unbound again in proportion to the amount of antigen molecules 
in a sample newly injected into the container, and, instead, the antigen molecules in the sample will bind to 
the antibody molecules, or the labelled antibody molecules once bound to the insoluble hapten molecules 
or the antigen molecules (or the labelled hapten molecules or the labelled antigen molecules once bound to 
the insoluble antibody molecules) will be unbound again in proportion to the amount of antibody molecules 
; is . in a sample newly injected into the container and, instead, the antibody, molecules in the sample will bind to 
the hapten molecules or the antigen molecules. . ; 

• The present invention has been accomplished by "finding such combinations of antibodies and haptens 
or antibodies and antigens in which the immune reaction proceeds reversibly and reaches its equilibrium 
state quickly. 

20 The immunoassay reagent of the present invention is useful for the measurement of specific sub- 
. stances, such as haptens, antigens and antibodies, in a sample by means of a competitive binding -method. 
The measuring principle is described below, firstly taking the case of a hapten as an example of the 
substance to be measured. . , ..... , ;i . . 

When a substance to be measurejd js^a happen, the Reagent oithe present invention is divided into two 

25 cases: "case 1 " being a combination of a ; labelled hapten (a) comprising a first hapten and a labelling agent 
bound tb ; said first hapten and an antibody (b) prepared by using an immunogen comprising a second 
hapten and an jmmunoactjve carrier bound to said, second hapten; and "case 2" being a combination of a 
* first hapten (c) arid a labelled antibody (d) comprising an antibody (b) prepared by using an immunogen 
comprising a second hapten and an an immunoactive carrier bound to said second hapten and a labelling 

30 agent bound to said antibody. , 

In the "case 1", since the. antibody (b) and the. labelled hapten (a) in the reagent are capable of 
undergoing reversible binding^ a hapten in a sample to be measured and the labelled hapten (a) in the 
reagent bind competitively to the antibody, (b) in the . reagent. In a device for. use in an immunoassay 
according to the present invention, wherein such a reagent is included in a single container; a hapten in a 

as sample to be measured and the labelled hapten (a) bind competitively to the antibody (b) which is included 
in the container in an insolubilized form. 

In the "case 2". since the hapten (c) and the labelled antibody (d) in the reagent are capable of 
undergoing reversible binding, a hapten in a sample to be measured and the hapten (c) in the reagent bind 
competitively to the labelled antibody (d) in the reagent. In a device for use in an immunoassay according 

40 to the present invention, wherein such a reagent. is included in. a single container, a hapten in a sample to 
be measured and the hapten (c) which is included in the container in an insolubilized form bind 
competitively to the labelled antibody (d). 

In either case, the amount of a hapten in a samR.le is measured by detecting signals originated from a 
labelled insoluble substance after B/F separation (B, bound form; F, free form). 

45 When a substance to be measured is an antigen, the measuring principle is the same as in the case of 
a hapten as described above, except that immunoactive carrier is not necessary, and also provided that the 
term "hapten" in the description is replaced by another term "antigen". The principle in the case of the 
measurement of a compound comprising a hapien and an immunoactive carrier or an antibody prepared by 
using an antigen as the immunogen can be explained in the same manner. 

so Briefly, (he measuring device of the present invention is divided into two cases: a case in which a 
hapten (or an antigen) is included in a container in an insolubilized form, and an antibody in a sample and a 
labelled antibody bind competitively to the insoluble hapten (or antigen); and the other case in which an 
antibody is included in a container in an insolubilized form, and the insoluble antibody and an antibody in a 
sample bind competitively to a labelled hapten (or a labelled antigen comprising an antigen and a labelling 

55 agent). 

In either case, the amount of an antibody in a sample is measured by detecting signals originated from 
a labelled insoluble substance after B/F separation. 

Thus, the principle of the immunoassay making use of the immunoassay reagent of the present 
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invention was explained hereinabove 

such immunoassays. - "* aPP * ed '° rea 3 ,nl <* lhe P~« invention lo, us. i„ 

analogous but different from LSI *f- JS "•"""V!' '<" me Preparation ol In, antibody lb) are 

substances, a combination of a member of the croun of fh» iLl, .! u . , y USe 0f such ana logous 
» of the antibody (b), which a re capable oS SiX^r^^^^^^ ? °'' ^ ^ 

reaction between the labelled hapten (a) and the anXodv /h ^ d ° ther WOrds ' the 

chemical structure is ana.ogous Sba S&^jT^t^^ * >* hapte "' whose 

preparation of the antibody (b) ^^^^^ "Tl 35 ihe ^™no gen for the 
labelled and used as the labelled haofen a , T , ""J 6 anUb ° dy '' S relativel ^ srna »- * 

rs ■ (a) and a second hapten' .6 be usS ie S W^Pten for use ; in ^labelled hapten 
• —s^e-ehemicaj struck, ££ Sntr^S^hV * ^^ *) ^e 

" antibody (b) P^toffJiyi the. labelled hapten , (a) and the 

■■ ^ ■ ^^MH.M^-^iM c* u^JS^ ! !SSlS-Sffl^^ the same.chemica, structure are 

^r^^ a;,hir^fac,or oftthe chemical 

immunogen for the p eparali on 6 SS5^V * WW hapten used as the 

■"' hapten to m^JJ^^^SSJ^'^^ ^*!»a] ^cture as that of the 
having thV»aVne^ge£^ ^ haRte^tp^e measured but 

-the antigenicity^ thel^ S " e * ^ ^nd hapten^here 

" certaVSS a^ • substanpe (hapten) havin 9 a 

■ reversible binding to the antTbody (b) ' (b> a " d * Ca ? able °f •undergoing 

' *apteS t i!^ gainst an irpmunogen comprising a 

oo that of the hapten ? »9 the ^ chemical structure as 

having * slight mSed T^^^ZZ^T^ * <* 
antigenicity is used 1 for the reparation ^S^/E J? ? ?!? '> ! V - but . the same 

. different chemica. struck TffSmSS'SS?' 3 *«P» having a slightly 

1 antibody' to be measured £ Sd to an in^u^^ th * I™ 09 *" ,0r the P^Paration of the 
as ' preparation of the antibody (b). 7 -""^.ve earner and used, as the immunogen for use in the 

™ ? n antibody which is made against an antigen, 

in the case of the above-desc s Z^esTJlV ™ the Same as ■»» 

against an immunogen com^ a^n %1 , • ^ ( * haPte " a " d a " antibod * which is ™de 
<o carriers are not required. * ■= immunoa ctive carrier), except that 

immunoactive 

coml-^ (d) and a hapten (c) and another 

•t is preferred that a firs hapl (c) J J il aPP " ed * ^ rea9ent 0f lhe P resent invention, 
second hapten (which is us* i Z Sd^i a ^ m T** re39<3nt ° f the pr6Sent inventi °" and a 
« preparation of the .abe.led JZ^^^ J^TT^, ^ the immun °9en for the 

chemical structures respective^ S,n r. l , r bUt d,fferent frbm each other having different 

■ (d) varies widely by he US e o ^^^ b ^ h . ,he . ta P ton < c > and lhe antibody 
hapten (c) and a member of Z g *Z ^ of the lab^Pd \%TlT M * 3 mem5er ° f the ^ of the 
reversible binding, can be selected. Howeve ' ve 5 , nil! ^^ "t CaP3b,e ° f Under9 ° in 9 
of the present invention and a second hapten T be h ( ^ US6 ^ immun °assa y reagent 

labelled antibody (d) have the same Z^TstlZ TJl > ,mmuf10 9 en ^ Preparation of the 
hapten (c) and the labelled antibody S f SSlrS ^v ^iin h " J 8 " 8 ^ *° because the 

che : c g a :s ture h are r e,imes hap,ens having the same 

of the hapten which is used in the immunoaen forth! n P ! n9 the S3me Chemical s,ructure as that 
a slightly modified chemical s, c , « onZ ^haln 'n °" °' ,he antibod V 10 be measured or having 
used for the preparation of the hasten (c, 7nTj ^T™ 5 ™ bUt h3Ving ,he same antigenicity is 

hapten (c), and a second hapten having a slightly modified chemical 
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structure from that of the hapten used in the immunogen for the preparation of the antibody to be measured 
is bound to an immuhoactive carrier and used as the immunogen for use in the preparation of the labelled 
antibody (d), because chemical structures of the first and second haptens being such kinds that the hapten 

(c) for use in the immunoassay reagent of the present invention and the labelled antibody (d) become 
5 capable of undergoing reversible binding. 

When the substance to be measured is a hapten, the second hapten used as the immunogen for the 
preparation of the labelled antibody (d) may have the same chemical structure as that of the hapten to be 
measured or have a slightly modified chemical structure of the hapten to be measured but having the same 
antigenicity, and an immunoactive carrier is linked to a site of the second hapten where the antigenicity "of 
w the second hapten may not be changed. The hapten, (c) for use in the immunoassay reagent of the present 
invention, on the other hand, may be obtained by ^electing a certain chemical structure which has the 
affinity to a labelled antibody (d) and is capable of undergoing reversible binding to the labelled antibodv 

(d) . ; : ; \ J ^J^:\:, p , H w . . 

When the substance to bfe measured is an antigen^ for use, in the preparation of an 

75 antibddy ria^ten^^ the! selectipn,of the chemical 

structure' of the 'first and second Ihaptert^ [he above /description wherein a 

substaVtcetd'&e measiired'br an immunogen fer'useJn the ^ is a 

hapten, except that immunoactive carriers are not required, , , , , i ,. V . ; 

" ■ ■ Thg'temr w moditie : d chemical Structure v or Iheyiike^ as u5Qd/ ; hereinabp,ve isjntendep* to inclu.de any 
20 derivative which caii be pfepareb' by using commonly uised^techniques.' ' '"; ' . ... 

Principles or i! "a coffibihatidH 1 bf a labelled hapten /or a' labelled antigen and ^.antibody and '. another 
combination of a^hapteh'br an anti^n.and antibody, wjjlcjf^ device of 

' -the' present Mhven'tioh, are :! expIairi^tf f abbve:/The following concrete^ the example of samples 

which can be detected and measured by using the immunoassay reagent,, or ,}he immunoassay device of the 
25 present invention, and substances for use in the immunoassay reagent of the present invention for 
measuring these test samples. 

The immunoassay reagent or the immunoassay device of the present invention can be used for the 
measurement of substances having relatively low' mo|ecularVweig|hts, which ar^ ; called haptens, such as: 
steroids which comprises estrogens including estrone/ estradiol /and estriol, ti gestagens including pro- 
30 gesterbne, androgens including testosterone, mineral cprticoids including aldosterone., and glucocorticoids 
including cbrticosterone;' thyroid hormones including thyroxine; amino acids and amines; ; drugs including 
digoxinVand peptides including angiotensin and a-hANP; as well as metabolites of these substances. 

The immunoassay reagent or the immunoassay device of the present invention can a!so be, used for the 
measurement of antigens, such as a luteinizing hormone (LH), a thyroidrstimulating hormone (TSH), a 
35 human chronic gonadotropin (hCG) and a carcinoembryonic antigen (CEA), as well as metabolites thereof. 

Still more, the immunoassay reagent or the immunoassay device of the present invention can be used 
for the measurement of antibodies which are made in. the body against immunogens, such as hepatitis 8 
virus, rubella virus and various allergens. 

The immunoassay reagent or the immunoassay device of the present invention is useful especially for 
40 the measurement of haptens, more especially for the measurement of estrogens and their metabolites and 
gestagens and their metabolites. The following exemplifies the. combination of antibodies and labelled 
haptens for use in the immunoassay reagent and the : immunoassay, device of ihe present invention for the 
measurement of urinary estrogen, blood estradiol or blood progesterone. 

For the measurement of urinary estrogen or blood estradiol using the immunoassay reagent or the 
45 immunoassay device of the present invention, it is preferred to use a labelled hapten (a) in which a first 
hapten for the preparation of the labelled hapten (a) is selected from the group consisting of compounds 
represented by the following formulae I to IV and an antibody (b) which is prepared by using an immunogen 
comprising a second hapten selected from the group consisting of compounds represented by the following 
formulae I to IV and an immunoactive carrier bound to the second hapten: 



50 



55 




7 



EP 0 383 313 A2 



wherein R« is hydrogen, and R* is Y'-Z; or R' is Y*-Z and R* is oxygen- 

wherein Y' is a straight chain, branched, or cyclic radical intervening Z and the steroid „..h«.. ™ m ■ • 

iT b ™v:'7 1 s ca r a,oms and/or heter ° atoms - ^ 

bond Y* , s a stra.ght-cham. branched, or cyclic radical intervening Z and the oxygen comoriZ 1 
backbone havmg 0 to 10 carbon atoms and/or hetero atoms bonded to the oxygen byTsing.e bond Tnd Z 
<s a rad-cal selected from the group consisting of hydrogen, -NH 2 . -SH. -COOH CHO id 



70 



"M II ) 



75 



20 



R 3 -0 




R 4 RS 



II 



jKJ J* r?" R " a *>*W .™ of ' RS ahd is'hydrogen. and tlWioWis W^sVz R* 

other fs ^raX^ ^ " * one of R 4 and is hydrogen and le 

i. . other is Y3-Z. andfi' IS hydroxy); or R^anti R> ; are hydrogen. R* and R s toaether reoresent yi 7 hn^lv 
■ ■ the steroid nucleus by a double bond; and R^ is hydro^- together represent Y -Z bonded to 

' TZZ V iS h a Strai9ht chain ' bached, or cyclic radial' intervening Z and the steroid nucleus comorisina 

t^^T^lTT f ? heter ° at0mS " b ° nded 10 the Steroid "-Teus b 
S2h u ^ght-cham. branched, or cyclic radical intervening Z and the oxygen comorisino » 
backbone havmg 0 to 10 carbon atoms and/or hetero atoms bonded to the oxyge i by sKe bo^d 5 ?, \ 

havmg to 10 carbon atoms and/or hetero atoms, bonded to the steroid nucleus by a sinqle bohd and Z * 
a rascal selected from the group consisting of hydrogen. -NH 2 , -SH. -COOH So and 



30 



35 



40 



0 

If 

/\ 

-N I] 
\/ 
II 
0 



45 



50 



R8 -0 




III 



inten 7 , u hydrogen; and wherein Y* is a straight-chain, branched or cyclic radical 

bonXT? 9 ^ 3 0XV9en C ° mpriSin9 3 backbone havin 9 0 to 10 carbon atoms and/ or hetero atom 
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70 



75 



20 



25 



30 



35 



45 



consisting of hydrogen,- NH 2 , -SH, -COOH, -CHO and 

0 



/\ 
"N J| ) . 



Y 

0 




IV 



wherein one of Ft' 2 . R 13 . R 14 , R' 5 , R 16 and R 17 is Y^-Z and the others are hydrogen; or R 12 and R ,a , R ,A and 
R 15 . or R ie and R 17 together represent Y 1 -Z bonded to the steroid nucleus by a double bond, and the 
others are hydrogen; 

wherein Y 1 is a straight-chain, branched, or cyclic radical intervening 2 and the .steroid nucleus comprising 
a backbone having 1 to 10 carbon atoms and/or Jietero atoms, bonded to the. steroid nucleus by a double 
bond: Y 3 is a straigbj-chain, branched,, or cyclic radical intervening Z and the steroid nucleus comprising a 
backbone having 1 to 10 carbon atoms and/or betero atoms, bonded to the steroid nucleus by a single 
bond; and Z is a radical selected from the group consisting. of hydrogen,-NH 2 , -SH, -COOH, -CHO and 



II 
o 



Examples of the compounds represented by the formulae I to IV are listed below. 
The compound corresponding to the formula I includes estrone, estrone-17-carboxymethyl oxime and 
estrone-3-carboxymethyl ether. The compound corresponding to the formula II includes estradiol, estradiol- 
3-carboxymethyl ether. estradiol-6a-hemi succinate, estradiol-6-carboxymethyl oxime. estradiol- 17a-hemisuc- 
cinate and estradiol-170-hemisuccinate. The compound corresponding to the formula III includes estriol. 
40 estriol-3-carboxymethyl ether. estriol-16o. l7£-dihemisuccinate, estrioM60.17£-dihemisuccinate, estriol- 
16a-glucuronide and estriol-17/3-glucuronide. The compound corresponding to the formula IV comprises 
estradiol-7- hemisuccinate, estradiol-7-carboxyethyl thioether, estradiol-11-hemisuccinate and estradiol-16a- 
hemisuccinate. 

The following describes preparation methods and combinations of antibodies and labelled haptens for 
use in the immunoassay reagent and the immunoassay device of the present invention for measuring 
urinary estrogen. 

Measurement of urinary estrogen is usually being applied to a monitor system of the fetoplacental unit 
function in pregnant women, because conditions of the fetoplacental unit in a pregnant woman can be 
evaluated by measuring the amount of estriol which is produced in the fetoplacental unit and excreted into 
50 urine of the pregnant woman. 

The major component of urinary estrogen comprises estriol derivatives, and estriol- i6a-giucuronide is 
the most important derivative among them. For the measurement of urinary estrogen, therefore, it is 
desirable to use an antibody to estriol- l6a-glucuronide as the main substance to be measured, which is 
cross-reactive to other coexisting conjugated estriols, conjugated estradiols and conjugated estrones in the 
55 sample. 

Such an antibody may be obtained by immunizing an animal with an immunogen which comprises an 
immunoactive carrier and an estriol derivative, an estradiol derivative or an estrone derivative and then 
preparing a hybridoma which produces an anti-estrogen antibody by means of a cell fusion technique. 
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to Ihe Arirabe and men ofeoiino a h*^™, ^ ' o'.lW«w»»»., a nd™ ™™,noao«« cawe, tound 



reacSSt^ their,, measure ra*es of e stLd. an**6ss- 

200 pg/m, of the 50%-^tn^ * 7^^TZr t ~T? WhiCS *°? 3b0Ut 
,. crSss-reaqtivities to o ( ther steroids than estrad^L , . standa *< 'curve, ahd -has small 

• W * e " an r ?^ocly for use in the measurement of blood estradiol is oreoared' hv ^Li™ ■ "' " 
comprising an estradiol-6-derivati uo a „H . eauduioi is preparea-oy using" an immunogen 

^^^KMr**- - — ~ - — . - 



R 23 CH 



3 



20 T? 19 




wherein R'« is oxygen, one of R' 9 , R*° R2< r22 , nd R23 k Y s 7 3riH „, h 

and R'». r» R2 . R22 and R23 ' h " " ' „ * n d R J, sY - Z ' and 0,hers af e hydrogen; or R'« is Y'-Z. 
intervening Z and the steroid nuctu. rn? ' T Y 3 Strai ^ h ™- branched, or cyclic radical 

atoms. bonded to £ Sd 5^"bS?¥Ti TSi"^^^ ^ ^ 

intervening Z and the steroid nucleus n , th « mllh , I ? strai 9ht-cha.n, branched, or cyclic radical 

backbone having , * To carbon atom TZTT! * *" ^ nUCleuS Com P risi ^ a 

9 10 carbon atoms and/or hetero atoms, bonded to the steroid nucleus or the 
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methylene radical bonded to the steroid nucleus by a single bond, and 2 is a radical selected from the 
group consisting of hydrogen, -NH 2 , -SH, -COOH, -CHO and 

0 
II 

5 /\ v 

H. | ) . 

II 
0 

w The compound represented by the formula V includes progesterone, progesterone-3-carboxymethyl 
oxime, progesterone- 1 1 a-hemisuccinate, progesterone- 1 6a-hemisuccinate, progesterone-1 7a- 
hemisuccinate, progesterone- 18-hemisuccinate and progesterone-1 9-hemisuccinate. 

, The following describes preparation 1 methods and combinations of antibodies and labelled haptens for 
use in the . immunoassay reagent and the immunoassay device of the present invention for measuring blood 

;5 progesterone. ; 11 - 

: Measurement of blood progesterone is being- applied to k diagnosis of women's gonadal functions, 
especially luteal function. -> •••• ' -r " ! ' i : 

The antibody for use in the measurement of progesterone may 1 be bbtairiedby immuniiirig an animal 
with an immunogen which comprises a progesterone-3, 11. 16, 17, 18 or'19-derivative and an immunoactive 
20 carrier bound to. the .derivative and then : preparing a hybridoma which produces ah a'nti-progesterone 
antibody, by. means of a eel! fusion technique. 1 .v 

An antibody prepared; by using = an immunogen which comprises 1 an progesterone- 1 i derivative and an 
immunoactive carrier bound to the derivative is advantageous in view of the cross-rea'ctivity: " 1 u 

Antibodies thus, prepared are cthen checked 1 for their measura&le ranges of prdgesterbne ' and cross- 
25 reactivities to eacruof, the steroids* and their derivatives; in order to select ari anti bod y* which shows about 3 
ng/ml of the 50_% -inhibition.. concentration of progesterone, estimated from a'starfdard curVe 1 ; and has small 
cross-reactivities to other steroids than progesterone. 

When., an antibody for use in the - measurement of blood progesterone is prepared by using an 
immunogen comprising an progesterone-1 1 -derivative and an immunoactive carrier bound to the derivative, . 
30 a labelled progesterone corresponding to the antibody may preferably be prepared using a progesterone- 
19-derivative. Naturally, this combination of the antibody and the labelled progesterone is W no way to be 
taken as limiting. ' " 

, Any one of bovine serum albumin, keyhole limpet hemocyanin, Thyroglobulin and the like qriay be used 
as an immunoactive carrier in an immunogen for use in the preparation of an antibody which is prepared by 
35 using the immunogen comprising a second hapten and the immunoaciive carrier bound to the second 
hapten. Binding of an immunoactive carrier to a hapten may be performed in accordance with any known 
method described in textbooks and the like, such as Koso Men-eki Sokuteihb [(Enzyme Immunoassay, 
written in Japanese); published by Igaku Shoin Co M Ltd.; p. 46 - 60] and Zoku Rajio imuno assei [- . 
(Radioimmunoassay, second series: written ir. Japanese); published by Kodansha Co., Ltd.; p. 56 - 62 and 
4Q P. 78 -87]. 

Either of monoclonal and polyclonal antibodies may be useful as the antibody of the present invention, 
but. if a polyclonal antibody is used, it is preferable that the polyclonal antibody be purified into a fraction 
suitable for the measuring purpose by means of an affinity chromatography and the like. Therefore, 
monoclonal antibodies are preferable as the antibody of the present invention from a workability point of 
45 view. Animals for the preparation of antibodies are not limited, but a mouse is generally used. 

With regard to the labelling agent, any of the commonly used agents, such as enzymes including a 
horseradish peroxidase and an alkaline phosphatase/radioisotopes including 125 1, fluorescent materials 
including a fluorescein, a fluorescein derivative and europium and chemiluminescent materials including an 
acridinium derivative, may be used, preferably an enzyme from a viewpoint of easy handling. 
50 Binding of the labelling agent to a hapten, an antigerv or an antibody may be performed in accordance 
with any known method described in textbooks and the like, such as Koso Men-eki Sokuteiho ((Enzyme 
Immunoassay, written in Japanese); published by Igaku Shoin Co., Ltd.: p. 46 - 60]. 

The immunoassay device of the present invention, wherein the immunoassay reagent of the present 
invention (a combination of a labelled hapten and an antibody, a labelled antigen and an antibody, a hapten 
55 and a labelled antibody or an antigen and a labelled antibody) is included in a container made of a plastic 
material, a glass material or the like, is produced as follows. 

Firstly, an antibody, a hapten or an antigen to be insolubilized is included in a container and 
insolubilized by means of a chemical covalent bonding or a physical adsorption. To this is added a portion 
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subjected to freezing or freeze-drying mereaiter. the contents in the container are 

amount of a substance to be mead iron in ■■ • separation is performed, and the 

Physica, value, original ^Zl^ ^"^ZV T' ^ ~ 
substance to be detected can be judged by the same manTer ' ""^ Pr8SenCe 0,3 

or a^ thf "aglt ^^SZ^TT*?* & **"«> ^ 

sample is added to the eaaen! to^lTT « \M T?" Ur,der 9 oin 9 reversibl * binding. When a 
antibody) once bo nd o i^J^JiSl r T " dha P {e " » .""tod antigen (or .abei.ed 
the amount of a substance t S^S^Sn^i 3 ' w" ° r ( ant ' 9eri) * Ur,b ° U " d 39ain in P ro P° rtion <° 
sample is bound to it ^ corrS DO ndlnn ZhnH h , P ^ mS,ead ' the SUbStance ,0 be meas ^d in the 
binding of « lW a SZ£5^^ T" C0 " Se ^ ence - spite of the previous 

competitive binding e^^^^^^ ^ ° r b V immune reactions 

the sample is added to the went 1«h h ? " Ce 3nd 3 substance t0 be measured when 



;tf;i!lI -„, EXAMPLES , 



Examples of the present invention/are given bebw by ^ M us^ and not by^ay of Nation. 
Example 1 ! - : : 

Preparation of estradiol-1 7epi-hemis'ucrinfltA 0^1 iri 7 ^u - . . . . 

*nate/progesterone09-hemS estrioMeepijy-dihemisuc- 
and progesterone-18-hemisuccinate P ^ te^^-hemisuccinate. progesterone-17a-hemisuccinate 

Co.) was dissolved in pyridine, . Led" wi ^Sn" a^yd 1^^^ ^ *""** 
material in molar basis) and then subiertPH m h* T J " mes as much as ,he sta rting 

resulting reaction mix2rW"bv^ino Sn!J t heatlfl9feflux under nitr0 9en atmosphere. After cooling the 

^.ute hUh^c X5C^srr^^r r - r r r phase was 

ethyl acetate phase was ^ff£ie7jffi T Ph3Se by e,hyl ace,ate ' Resu '«n9 

in that order. h d " Ut9 h y drochloric ^ water and saturated sodium chloride solution 

^Z^tl^Z:^^^ f T C,i ° n ^ 6X,raCted a " d S «* «™ the ethy, 
dilute hydrochtoric acid ?n order To addT he tZ .V*" fraCti ° n ^ *" iCe b3,h W3S added 
acetate. The ethyl acetate phase wa ^ washed X , ' T ** W3S extracted b V 

order. P 58 " aS W3Shed wth water and saturated sodium chloride solution in that 

SOlU,i0 "- ^ d ^g mixture, ethyl 
obtained was- checked 2 it ToS bv a hin T PreSSUre ' EaCh Steraid derivative ^ 

contamination of the start! maS was fo, !h h 1 J?™* 0 **** and stored for later use. When 
separated and purified t^^Z^SJ^^ *™»*«"> ^ ■«*« - ™« 
Conditions lor the synthesis of each derivative and its yield are shown in T able 1. 
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Table 1 





Succinic 
anhydride 


Reflux 
time 


Yield 




(molar ratio) 


(hr) 


(%) 


Estradiol-1 7epi-hemisuccinate 


. 20 


18 


3 


Estriol-1 6,1 7-dihemisuccinate 


.30. . 


20 


30 


Estriol- 1 6epi, 1 7-dihe mi succinate 


30 


15 


5 


Progesterone-1 9-hemisuccinate 


. 10. 


3 


80 


Progesterone-1 6a-hemisuccinate : 


- 10 


5 


60 


Progesterone-1 7a-hemisuccinate , 


10 


3 


55 


Progesterone-1 8-hemisuccinate * 


10 . 


3 


60 



Example 2 -•• '"' " ' ' " 

20 .— y ' - ' -v:.-- -ru ' <• ■ ' • 

Preparation of estrone-17-carbox/methyi oxime'* bovine serum ; albunhin, estradiolM7-hemisuccinate* bovine 
serum albumin, estriol-1 6,1 7-dihemisuccinate 'bovine serum albumin, estriol- 16a-glucuronide* bovine serum 
albumin, estradiol-3-carboxymethyl ether 'bovine serum albumin, estradiol-6-carboxymethyl oxime* bovine 
25 serum albumin, estradiol-6a-hemisuccinate* bovine ; serum albumin, progesterone-1 la-hemisuccinate* bovine 
serum albumin, progesterone-1 9-hemisuccinate ' bovine serum albumin, progesterone- 1 6a-he- 
misuccinate* bovine serum albumin, progesterone-1 7a-hemisuccinate' bovine serum albumin, progesterone- 
18-hemisuccinate*bovtne serum albumin, and progesterone-3-carooxymethyl oxime'bovine serum albumin. 

30 Bovine serum albumin was bound to each of the steroid derivatives listed below by means of a mixed 
acid anhydride method: 

Steroid derivatives prepared in Example 1 consisting of estriol- 1 6,1 7-dihemisuccinate, progesterone-1 9- 
hemisuccinate, progesterone-1 6or-hemisuccinate. progesterone- 17a-hemisuccinate and progesterone-1 8- 
hemisuccinate; steroid derivatives purchased from Sigma Chemical Co. consisting of estrone- 17-carbox- 
as ymethyl oxime. estradiol-1 7-hemisuccinate, estrioi-16a-glucurbnide, estradiol-6-carboxymethyl oxime, 
progesterone-1 1a-hemisuccinate and progesterone-3-carboxymethyl oxime; and steroid derivatives pur- 
chased from Mitani Sangyo Co., Ltd. consisting of estradioi-3-carboxymethyl ether and estradioI-6a- 
hemisuccinate. 

Mixed acid anhydride of each steroid derivative was prepared by dissolving each steroid derivative into 
40 dioxane and incubating the solution at 12 t 2" C for 20 minutes with gradual dripping of chloroisobutyl 
formate (equivalent amount to the steroid derivative in molar basis) in the. presence of tri-n-butylamine 
(molar ratio to the derivative, 1.1). ! ' 

Mixed acid anhydride of each steroid derivative thus obtained' was immediately bound to bovine serum 
albumin in the following manner. Bovine serum albumin was dissolved into 50% aqueous solution of 
45 dioxane to its final concentration of 10 mg/ml, and the albumin solution was adjusted to pH 8. After cooling 
down the albumin solution to 10 t 2*C, the mixed acid anhydride of each steroid derivative previously 
prepared was dripped into the albumin solution, with a molar ratio of the anhydride to the bovine serum 
albumin being 5 to 100. After completion of the dripping, resulting solution was adjusted to pH 8 and stirred 
for another 2 hours at 10 i 2*C. Thereafter, the reaction solution was transferred into a semi-permeable 
50 membrane tube and dialyzed against 100 volumes of physiological saline. The dialysis process was 
repeated three times and then the product v/as purified by means of a Sephadex G-50 column chromatog- 
raphy. 

55 Example 3 



Preparation of estrone- 17-carboxymethy I oxime 'peroxidase, estradiol-1 7-hemisuccinate* peroxidase, estrtol- 
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40 



45 



50 



35 



le.iy-dihem.succnate-peroxidase, estrioMSa-glgcuronide' peroxidase, estradiol- 17eoi h « mio 
ucc.nate-perox,dase. estriol-16e P i,l7-dihemisuccinate-peroxida S e es radial 3 1 , u' S ' 

•peroxidase. es.radiol-6-carboxymethyl oxime -peroxidase ^SSTti^^T^ " 
progesterone-ll^ernisuccinate-peroJase, W^t^en^ 
. 16a-hem, SU cc,nate-peroxidase and progesterone-3-carboxymethyl oxime ' peroxide P^esterone- 

Horseradish peroxidase was purchased from Toyobo Co Ltd and bound ♦* M u « 

^jst- by means of a **~ ~ Xissars 

hernisuccinate and progesterone-a-carbo^rneth foxS 

Co.. Ltd. consisting of es«radio,-3-ca,bo* y meth y .l ether and ^nS^ZSS^ Z ^ZT^ 
-ves prepared in Example 1 consisting of ^ 

(3 - 1)'Mixed acid anhydride meffiod" : ' : " r ' ; r : ' * - ; ' 3 ;S ' ' :r : 
(3 - 2) N-hydroxysuccinimide ester activation method. 

-c-SES^ Afte ' **■ .he mixture, ethy, 

thus obtained was ^^SS^JSSA o"^ ^ ^ 

soiution was stirred for another 4 houS^?^•^ 1 j r ^■^^* ,, ? n ,■ 0, ^ dnPPin9 ' reSU ' tin9 

SephadL Q-SO^SS;^^ ^ «* the " th ° P«*«* - purified by means of a 
Conations for the synthesis of each labelled steroid derivative are shown in Table 2. 
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Table Z 



Peroxidase-labelled 
steroid derivative 



Labelling 
method* 



Molar 
ratio of, 
steroid 



10 



15 



20 



30 



Est rone-17-carboxymethyl" oxime - peroxidase 


A 


1 


to 


10 


Est radiol-17-hemi succinate -peroxidase 


A 


1 


to 


30 


Estnol-lo, 17-dihenusuccinate -peroxidase 


A 


1 


to 


10 


Estriol-15a-glucuronide -peroxidase 


. A 


5 


tc 


50 


Est radiol-17epi— hemisuccinate - peroxidase 


A 


10 


to 


100 


Estriol-loepi, 17— dihemisuccinate rperoxida.se 


A 


10 


to 


100 


Estradiol-3— carboxymethyl ether -peroxidase 


A 


1 


to 


30 


Estradiol-6-carboxymethyI oxime -peroxidase 


A 


I 


to 


.30 


Estradiol— 6a— hemisuccinate * peroxidase 


B 


1 


to 


10 


Prpge : sterone--l la— hemisuccinate - peroxidase 


"3 


1 


to. 


10 


ProgeSterone-hl 9— hemisuccinate -peroxidase 


B 




:tO ; , 


30 


Progesterone-16a-hemisuccinate -peroxidase 


B - 


1 


to : 


-50 


ErO_aesterbne-3~carboxv ; Tiethvl oxime • oeroxidase 




1 


tQ, 


30 



*: A, Mixed, acid anhydride method; and ■ 

B, N-hydroxys'ticcinimide ester activation method. 



Example 4 
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Preparation of monoclonal anti-estrogen antibodies. 



Balb/c mice were immunized with an immunogen prepared by binding an estrogen derivative to bovine 
serum albumin. Changes in the blood antibody titer was monitored while booster is performed, and spleen 
cells of a mouse in which the antibody titer was increased were used for a cell fusion process. The cell 
fusion was performed in accordance with a method described in Methods in Enzymology (vol. 73, p. 3 to 
46). Culture supernate of hybridomas thus obtained were screened for the anti estrogen-antibody, and 
positive hybridomas were cloned. Antibodies thus- selected were further checked for their cross-reactions 
and measurable ranges of estrogen, in order to 1 eliminate any antibody which was found to be inappropriate 
for the measuring of urinary estrogen. An appropriate antibody produced in a culture supernate of a 
hybridoma thus selected was purified by means of an affinity column chromatography using protein A. 

Process for the preparation of hybridomas which produce anti-estrogen antibodies is shown in Table 3. 



50 



55 



15 



EP 0 383 313 A2 



Table 3 



Immunogen 


No. of 
immunized 
mice 


No. of cell 
fusions 


No. of 
antibodies 
selected 


Estrone-1 7-carboxymethyl oxime* boyine serum albumin 


10 


2 


0 


Estradioi-17-hemisuccinate* bovine serum albumin 


10 


8 


30 


Estriol- 16,1 7-dihemisuccinate • bovine serum albumin 


10 


9 


65 


Estriol-l6a-glucuronide* bovine serum albumin 


10 


1 


0 



10 



15 



Example 5 
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Preparation of reagent for use in the measurement of urinary estrogen. ; ' ; 11 '"• • 

!om.Qfie.puri^d monoclorial anti-estrogerf antibodies was immobilized in"a glass "test tuie A portion 
of a solutionxontaining one of the estrogen derivatives labelled with horseradish 'petoxic&'se was added to 
tnejtest tube, and the labelled antigen was allowed to react with the insoluble antib6dy"for 66 minutes A 
portion of a standard estrogen solution (ID, 50. *00 bitfWp ngAnOwi* ^erjfaddpdTto.tbe^eaction system 
and, the immune reaction was performed for 2Q minutes, followed by a washing processi -Thereafter the 
enzyme. (perox.dase) reaction was performed for 10 minutes in the presence of hydrogen peroxide as the 
substrate and orthophenylenediamine as the color reagent and 'then the absorbance ,! Of*the' colored solution 
was measured. - •- • - - •- - 

The solution containing the peroxidase-labelled estrogen derivative was added to another glass tube in 
which the purified monoclonal anti-estrogen antibody was immobilized. A standard estrogen solution was 
added immediately after the addition of the solution of the peroxidase-labelled estrogen derivative After 
performing 20 minutes of the immune reaction, the enzyme reaction was performed in the same manner as 
described above, and the result was compared to that of the above result. 

,?!?-u PleS ° f the reSUltS are Sh0wn in Fi9S - 1a ' 1b - 1c and 1d - wnerein E,5 "008 (immunogen. estriol- 
16.17-d.hemisucc.nate-bovine serum albumin) or : E17-102 (imrnunogen. estradiol- 17-hemisuccinate' bovine 
serum albumin) was used as the antibody and estrone-1 7-carboxymethyl oxime -peroxidase or estriol-16 17- 
dihemisuccinate' peroxidase was used as the labelled estrogen derivative. 

It was found that a combination of the antibody El 5-008 and the peroxidase-labelled estrone-1 7- 
carboxymethyl ox.me was appropriate for the measurement of urinary estrogen. It was found also that E5- 
057 (.mmunogen. estriol-16.17-dihemisuccinate-bovine serum albumin) and E7-006 (immunogen, estradiol- 
17-hem.succ.nate- bovine serum albumin) were appropriate for the measurement of urinary estrogen (data 
not shown). a v 

Fig. 2 shows changes in the immune reaction during the reaction period after the addition of a standard 
es rogen solution. «n the case of a combination of the antibody E1 5-008 and the peroxidase-labelled 
estrone-1 7-carboxymethyl oxime. 

Based on the result as shown in Fig. 2, it was confirmed that the reaction of the antibody with the 
perox.dase-labelled estrogen is reversible and the immune reaction, in which the estrogen to be measured 
in the sample (standard estrogen solution) and the labelled estrogen derivative bind competitively to the 
antibody, reaches its equilibrium state quickly (about 10 minutes). 



Example 6 



55 



Preparation of monoclonal anti-estradiol antibodies. 

Mice were immunized with an immunogen prepared by binding an estradiol derivative to bovine serum 



16 



EP 0 383 313 A2 



albumin. Changes in the blood antibody titer was monitored while booster is performed, and spleen cells of 
a mouse in which the antibody titer was increased were used for a ceil fusion process. The cell fusion was 
performed in accordance with a method described in Methods in Enzymology (vol. 73, p. 3 to 46). Culture 
supernate of hybridomas thus obtained were screened for the anti-estradiol antibody, and positive 
5 hybridomas were cloned. Antibodies thus selected were further checked for their cross-reactions and 
measurable ranges of estradiol, in order to eliminate any antibody which was found to be inappropriate for 
the measuring of blood estradiol. An appropriate antibody produced in a culture supernate of a hybridoma 
thus selected was purified by means of an affinity column chromatography using protein A. 

Process for the preparation of hybridomas which produce anti-estradiol antibodies is shown in Table 4. 

w 

Table 4 



Immunogens 


Immunized 
mice 


No. of 
immunized 
mice 


No. of cell 
fusions 


No. of 
antibodies 
selected 


Estradiol-3-carboxymethyl 

ether* bovine serum 
albumin 


Baib/c 


10 


4 


0 


ddY 


10 


3 


1 


Estradiol-6-carboxymethyl 

Qxime • bovine : seru m , ( , ; , : ; > ■ 
•ilbiimin s . : . . « 


' Balb/c 


30 


14 


1,1, 


, ir ddY ;k 


b .1.20.,; r, . 


. ir 


..12 


Estradi6l-6d-hem'isucciriate : - 
• bovine' « v, -' ,: " ■ r " - 

serum albumin, r ... ,■, .... 


( 6alb/c'' 




9 


' : '•• u ■ 3 


; Vlf ddY . 


30 


. 14 





30 



Example 7 

Preparation of reagent for use in the measurement of blood estradiol. 

One of the purified monoclonal anti-estradiol antibodies was immobilized in a glass test tube. To this 
was added a portion of a solution containing one of the estradiol derivatives labelled with horseradish 

40 peroxidase, and the labelled antigen was allowed to react with the insoluble antibody for 60 minutes. A 
portion of a standard estradiol solution (10. 50, 200, 1000 or 5000 pg/ml) was then added to the reaction 
system and the immune reaction was performed for 20 minutes, followed by a washing process. Thereafter, 
the enzyme (peroxidase) reaction was performed for 10 minutes in the presence of hydrogen peroxide as 
the substrate and orthophenylenediamine as the color reagent and then the absorbance of the colored 

45 substance was measured. 

To another glass tube in which the purified monoclonal anti-estradiol antibody has been immobilized 
was added the solution containing the peroxidase-labelled estradiol derivative, followed by the immediate 
addition of the standard estradiol solution by' eliminating the step for the reaction of the insoluble antibody 
with the labelled antigen. After performing 20 minutes of the immune reaction, the enzyme reaction was 

so performed in the same manner as described above; and the result was compared to that of the above 
result. 

Examples of the results are snown in Figs. 3a, 3b, 3c and 3d, wherein E 2 13-074 (immunogen, estradiol- 
6-carboxymethyl oxime* bovine serum albumin) or E 2 26-109 (immunogen, estradiol-6-carboxymethyl 
oxime' bovine serum albumin) was used as the antibody and estradiol-6-carboxymethyl oxime 'peroxidase 
55 or estradiol-6a-hemisuccinate* peroxidase was used as the labelled estradiol derivative. 

It was found that a combination of the antibody E 2 13-074 and the peroxidase-labelled estradiol-6cr- 
hemisuccinate was appropriate for the measurement of blood estradiol. Other antibodies than the E 2 13-074 
were found to be inappropriate for the measurement of blood estradiol. 
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Example 8 



Preparation of monoclonal anti-progesterone antibodies. 
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Example 9 



Preparation of reagent for use in the measurement of blood progesterone. 

One of the purified monoclonal anti-progesterone antibodies was immobilized in a glass test tube. To 
this was added a portion of a solution containing one of the progesterone derivatives labelled with 
horseradish peroxidase, and the labelled antigen was allowed to react with the insoluble antibody for 60 
minutes- A portion of a standard progesterone- solution (0.2, 1, 10, 3d or 100 ng/ml) was then added to the 
reaction system and the immune reaction was performed for 20 minutes, followed by a washing process. 
Thereafter, the enzyme (peroxidase) reaction was performed for 10 minutes in the presence of hydrogen 
peroxide as the substrate and orthophenylenediamine as Jhe color reagent and then the absorbance of the 
colored substance was measured..:,^. V) /) j i(t , iYrt < 

To another glass tube in which the purified monoclonal anti-progesterone antibody has been immo- 
bilized ..was added. the~^olution-containing^^ progesterone derivative followed by the 
immediate addftSdh of the 'standard u progedterone_ solutioOy^irnin^Mg the step" for Miction of the 
insoluble^ ahtifojjy: ^fth t§f Jabeffe^' Ir^igen^After* perfprmiqQ^a. minutes of \ the immune faction, the 
enzyme reaction was performed in -the-same- manner as-described above, and the resalt was compared to 
that of the ariove result: r * *v j im* ■ a -rm^h . m t ;,-.!,• . ; 

Examples of the" results are shown" ■ inllgsrsa.. 5b."sc and 5d, wherein P7-006 (immunogen, 
progesterone-Ha-hemisuccinate* bovine serum albumin) or P15-037 (immunogen. progesterone- 1 1a-hemi- 
succinate* bovine serum albumin) was used as the antibody and progesterone- 1 1 a-hemis- 
uccinate* peroxidase or progesterone-19-hemisuccinate* peroxidase was used as the labelled progesterone 
derivative. 

It was found that a combination of the antibody P7-006 and the peroxidase-labelled progesterone- 19- 
hemisuccinate was appropriate for the measurement of blood progesterone. It was found also that P6-057 
(immunogen, progesterone- 11 a-hemisuccinate * bovine serum albumin) and P17-016 (immunogen. 
progesterone-11a-hemisuccinate' bovine serum albumin) were appropriate for the measurement of blood 
progesterone (data not shown). ., . , Vi; . . .. t!i; . . ; , :1 . . . 

,. : Rg, 6 shows changes in the immune reaction during the reaction period after the addition of a standard 
progesterone solution, in the case of a combination of the antibody P7-006 and the peroxidase-labelled 
progesterone- 1 9-hemisuccinate. 

SJ . Based on the result as shown in Fig. 6, it was confirmed that the reaction of the antibody with the 
peroxidase-labelled progesterone is reversible and the immune reaction, in which the progesterone to be 

; measured in the sample (standard progesterone solution) and the labelled progesterone derivative bind 
competitively to the antibody, reaches its equilibrium state quickly (about 20 minutes). 

Example 10 



Measurement of urinary estrogen. 

Antibody El 5-008 was immobilized in a glass tube (diameter, 10 mm; length, 65 mm). A 200 ul portion 
of estrqne-17-carboxymethyl oxime • peroxidase solution, with its concentration being 50 ng/ml calculated in 
terms of peroxidase in the compound, was transferred into the tube and allowed to react with the insoluble 
antibody. After 60 minutes of the reaction, resulting solution in the tube was subjected to freeze-drying, the 
dried body was sealed in the tube against access of air and the sealed tube was stored as a device for' use 
in the measurement of urinary estrogen. 

Measurement of urinary estrogen was performed as follows. A portion (250 ul in normal conditions) or a 
sample, which is diluted in advance if necessary, or a standard estrogen solution was transferred into the 
above-descnbed device (test tube) for the measurement of urinary estrogen. After 20 minutes of the 
.mmune reaction and subsequent washing process, the enzyme (peroxidase) reaction was performed for 10 
minutes by adding into the test tube a 500 ul portion of a substrate solution which consisted of 
orthophenylenediamine (0.3%) as a color reagent and hydrogen peroxide (0.027%) as the substrate The 
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enzyme reaction was stopped by adding 1000 ul of 3 M phosphoric acid solution (sulfuric acid, hydrochloric 
acid and the like can be used as well), and the absorbance of the colored agent was measured at 492 nm. 
Concentration of estrogen in the sample was calculated from a standard curve. 

The concentration of estrogen in the same sample was separately measured by using commercially 
available assay kits, and correlation coefficients between the measuring method of the present invention 
and these commercial kits were calculated. The assay kits used were Radioimmunoassay kit (from 
Amersham Ltd.). Fluorescence Polarization Immunoassay (from Abbott Lab.) and E 3 Kit (a color reaction 
system produced by Teikoku Hormone Mfg. Co., Ltd.). A total of 54 samples were checked. 

As shown in Table 6. a high correlation was found between the data obtained by using the reagent for 
immunoassay use and the immunoassay device of the present invention and the data obtained by using 
any of the above-described commonly used measuring methods. ■ 

^ . . Table 6 ^ \ ' 



Prior art 


CorrelativerelatiorV 


Correlation 
coefficient 


Radioimmunoassay (Amersham) , 


y = 0;95X - 1,09 - 


; r j= . 0-96 


Fluorescence Polarization Immunoassay (Abbott) 


y ■= 0;fifeX : -'2.39 


;: 'r = 0'97 ' 


Color reaction (E 3 Kit, Teikoku Hormone Mfg.) 


y = 1.12X-2.74 


f!.r = 0.94 



25 ' ^ _ "\ t \ t _ _ ; t 

Example 11 




Measurement of blocd estradiol. <*- '• '< • . i 

Antibody E 2 13-074 was immobilized in a glass tube (diameter. 10 mm; length. 65 mm). A 200 ul portion 
of estradiol-6a-hemisuccinate ■ peroxidase solution/ with ■ its : concentration being : 10 ng/ml calculated in terms 
of peroxidase in the compound, was transferred into the tube and allowed to react with the insoluble 
antibody. After 60 minutes of the reaction, resulting solution in the tube was subjected to freeze-dryirig : ; <the 
dried body was sealed in the tube against access of air and the sealed tube was stored as a devic6 ] for use 
in the measurement of blood estradiol. 

Measurement of blood estradiol was performed as follows. A portion (250 ul in normal conditions) of a 
sample, which is diluted in advance if necessary, or a standard estradiol solution was transferred into the 
above-described device (test tube) for the measurement of blood estradiol. After 20 minutes of the immune 
reaction and subsequent washing process, the enzyme (peroxidase) reaction was performed for 10 minutes 
by adding into the test tube a 500 ul portion of a substrate solution which consisted of ortho- 
phenylenediamine (0.3%) as a color reagent and hydrogen peroxide (0.027%) as the substrate. The 
enzyme reaction was stopped by adding 1000 ul of 3 M phosphoric acid solution (sulfuric acid, hydrochloric 
acid and the like can be used as well), and the absorbance of the colored solution was measured at 492 
nm. Concentration of estradiol in the sample was calculated from a standard curve. 

The concentration of estradiol in the same sample was separately measured by using commercially 
available assay kits, and correlation coefficients between the measuring method of the present invention 
and these commercial kits were calculated. The assay kits used were Radioimmunoassay (produced by 
Diagnostic Products Corporation) and Radioimmunoassay (1-125 Kit, produced by Commissariant A Lenegie 
Atomique). A total of 34 samples were checked. 

As shown in Table 7, a high correlation was found between the data obtained by using the reagent for 
immunoassay use and the immunoassay device of the present invention and the data obtained by using 
any of the above-described commonly used measuring methods. 
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Table 7 



Prior art 


Correlative relation 


Correlation 
coefficient 


Radioimmunoassay (DPC) 


y = 1.13X 4- 2.12 


r = 0.93 


Radioimmunoassay (1-125 Kit, CIS) 


y = 1.08X-3.62 


r = 0.98 



Example 12 



Measurement of blood progesterone. • • • ' ■ . : ■ , . 

invito and S col.„5,,T J°„ ^ fT? T^" me meaS ™ n9 melh0<i °< '•» 
(produced b, Diagnos^S ZZZf^Z M °™»*"y 

an y „, ,le*„i J ^ZS^Z^JSS. """""" '" e " *- ' " 

Table 8 



Prior art 


Correlative relation 


Correlation 
coefficient 


Radioimmunoassay (DPC) 


y = 1.01X - 0.76 


r = 0.93 


Radioimmunoassay (Daiichi Radioisotope Labs;, LTD.) 


y = 1.09X- 0.12 


r = 0.98 



in add„,on. though the measuring principle according to the present invention is based on the 
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competitive binding method, the reaction steps are similar to those steps for the sandwich method-based 
immunoassay. Consequently, by the use of the immunoassay device of the present invention, acquirement, 
of immunoassay techniques may be achieved more easily, and both competitive binding method and 
sandwich method could be applied to a single automatic measuring apparatus. 
5 While the present invention has been described in conjunction with specific embodiments and 
examples thereof, it is evident that many alternatives, modifications and variations will be apparent to those 
skilled in the art in light of the foregoing description. Accordingly, it is intended to include all such 
alternatives, modifications and variations as set forth within the spirit and scope of the appended claims. 

;o 

Claims 

1. A reagent for use in an immunoassay for measuring a hapten, comprising 
(a) a labelled hapten comprising a first hapten and a labelling agent bound to said first hapten, and 
is (b) an antibody prepared by using an immunogen comprising a second, hapten and an immunoactive carrier 
bound to said second hapten, 

wherein said first and second haptens are individually selected, from the group .consisting of the hapten to 
/ be measured and derivatives thereof , and J 

said labelled hapten (a) and said antibody, (bj are capable of undergoing reversible binding. , 
'io 1 ', !! 2/A7e^gent for use in an, immunoassay, for measuring a hapten, comprising ; 
,]it '(c) a first hapten, and . r .. ^ 

<d) a labelled antibody comprising ah antibody (b) prepared, by using an , immunogen comprising a second 

hapten and an immunoactive carrier bound to said second "hapten, , and a labelling acjent- bound to said 

,H! antibba^r 1 \ ;; . ; • ; , : r : ! . ' ... " ; . 

25 'wherein' said first and second; haptens are individually selected from the group consisting of the hapten to 
!: be'measured and derivatives thereof, and , 

said first hapten (c) and said labelled antibody (d) are capable of undergoing reversible binding. 

3. The reagent of claim 1 or 2 wherein said hapten to be measured is selected from estrogens and 
metabolites thereof. \- 
30 4. The reagent of claim 1 or 2 wherein said hapten to be measured is selected from gestagens and 
metabolites thereof. , 

5. The reagent of claim 1 or 2 wherein said first and second haptens are individually, selected from the 
group consisting of compounds represented by the formulae I to IV: 



R 2 



40 




wherein R 1 is hydrogen and R 2 is Y'-Z; or R' is Y^Z and R 2 is oxygen; 



50 




R4R5 II 



wherein R 3 , R 4 and R 5 are hydrogen, one of R 6 and R 7 is hydrogen, and the other is Y 3 -!; R 3 is Y^-Z, R\ 
R 5 and R 7 are hydrogen, and R 6 is Y 3 -Z; R 3 and R 7 are hydrogen, one of R 4 and R s is hydrogen and the 
other is Y 3 -Z,- and R 6 is hydroxyl; or R 3 and R ? are hydrogen, R 4 and R 5 together represent Y'-Z bonded ro 
the steroid nucleus by a double bond, and R 6 is hydroxyl; 
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R8 -0 




III 



wherein R* is hydrogen. R* is Y^-Z and one or R<° anff R ii isV 3 7 „ u 

hydrogen, one of R* and R'° is hydroxy! and the other is J» Z ' I'' ^ ^ 0,her " hydr °9 en; R8 is 
Z. R.o is V-Z. and R" is hydrogen; and * * ' S hydr ° 9en; ° r R8 is ^ R9 Y 3 - 



75 



20 



25 




17 



30 



Wherein one of M'3 RiV'toi's W« 3n H fli/i eV 3 7 jl,i ^ :,,, J- :; ' t;i,ii * > n. 

R«. or R« and R 17 togethe ^represent Y'-Z t^^^ ^^.«nd 

others are hydrogen- ' " k.^^rt/M^Sjfry.a dpuble.bond. and the 

a^o^C^ coring 
bond; Y* is a ! s^ht<haiST2ffi ' * ? a ^r, W^.tQ ihe steroid .nucleus by a double 

backbone I^Wo^^SSi£2? ^.^.o^^prlsing a 

'Y- are individul.y a SrSgh £^b^^^ ! * •** PW8en b ^ ^ W and 

comprising a backbone 2a r te i'o ™ h < ^ ,C3 ' ,n ^ rvenin 9 and the steroid nucleus 
a Sng.e W>j^%3£ tSSSX^ and/or hete r p atoms, bonded to ^steroid nucleus by 
and selected from the group cons.stmg of hydrogen. r NH 2 . -SH, -COOH. -CHO 



/\ 

-N II ) 



40 



15 



50 



55 



R 



23 



CH- 



CO 



20 - 

ch 2 y^ aB R 22 



R 18^ 




wherein R'« i s oxygen, one of R". R*° R2 i R22 , nd n23 . YS 7 

and R'«. rw R 2- R22 anri R23 " . 8 1 " , R IS Y -2 ' and others are hydrogen; or R«« is Y'-Z 
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atoms, bonded to the steroid nucleus by a double bond, Y 5 is a straight-chain, branched, or cyclic radical 
intervening Z and the steroid nucleus or the methylene radical bonded to the steroid nucleus comprising a 
backbone having 1 to 10 carbon atoms and/or hetero atoms, bonded to the steroid nucleus or the 
methylene radical by a single bond, and Z is a radical selected from the group consisting of hydrogen, 
5 -NH 2 . -SH. -COOH, -CHO and 

0 



7. The reagent of claim 1 wherein said first hapten of the labelled hapten (a) and said second hapten in 
/s the immunogen used for the preparation of the antibody (b) are different from each other having different 

chemical structures, respectively. - : 

8. The reagent of the claim 2 wherein said first hapten (b) and said second hapten of the immunogen 
used for preparing the antibody (b) of the labelled antibody .(d) are different from each other having different 
chemical structures, respectively. 

20 9. A reagent for use in an immunoassay for measuring an antigen, comprising 

(e) a labelled antigen comprising a first antigen and a labelling agent bound tb said first antigen, and 

(f) an antibody prepared by using an immunogen of second antigen, 

wherein said first and second antigens are individually selected from the group consisting of the antigen to 
be measured and derivatives thereof,' arid' r * '' ; _ ' 

25 said labelled antigen (e) and : said antibody (f) are capable of undergoing reversible' binding! 

10. A reagent for use in an immunoassay for measuring an antigen, comprising , 

(g) ' a first antigen, and ' r ; ! i,: "' ; ! : 

(h) !l a labelled antibody comprising an antibody (f) prepared by using an immunogen of a second antigen, 
and a labelling agent bound to said antibody/ : ' 

30 wherein said first arid second antigens are individually selected from the group consisting of the antigen to 
be measured and derivatives thereof, and 

said first antigen (g) and said labelled antibody (h) are capable of undergoing reversible binding. 

11. A reagent for use in an immunoassay for measuring an antibody, comprising 

(a) a labelled hapten comprising a first hapten and a labelling agent bound to said^ first hapten, and 
35 (b) an antibody prepared by using an immunogen comprising a second hapten and an immunoactive carrier 
bound to said second hapten, 

wherein said first and second haptens are individually selected from the group consisting of the hapten to 
be measured and derivatives thereof, and 

said labelled hapten (a) and said antibody (b) are capable of undergoing reversible binding. 
40 12. A reagent for use in an immunoassay for measuring an antibody, comprising 

(c) a first hapten, and 

(d) a labelled antibody comprising an antibody (b) prepared by using an immunogen comprising a second 
hapten and an immunoactive carrier bound to said second hapten, and a labelling agent bound to said 
antibody, 

45 wherein said first and second haptens are individually selected from the group consisting of the hapten to 
be measured and derivatives thereof, and 

said first hapten (c) and said labelled antibody (d) are capable of undergoing reversible binding. 

13. A reagent for use in an immunoassay for measuring an antibody, comprising 

(e) a labelled antigen comprising a first antigen and a labelling agent bound to said first antigen, and 
so (f) an antibody prepared by using an immunogen of second antigen, 

wherein said first and second antigens are individually selected from the group consisting of the antigen to 
be measured and derivatives thereof, and 

said labelled antigen (e) and said antibody (f) are capable of undergoing reversible binding. 

14. A reagent for use in an immunoassay for measuring an antibody, comprising 
55 (g) a first antigen, and 

(h) a labelled antibody comprising an antibody (f) prepared by using an immunogen of a second antigen, 
and a labelling agent bound to said antibody. 

wherein said first and second antigens are individually selected from the group consisting of the antigen to 
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be measured and derivatives thereof, and 

said f^st antigen (g) and said labelled antibody (h) are capable of undergoing reversible binding 

enzyme. , ' ' 9 ' °' 1 1l 12 ' 13 and 14 whef e<n said labeling agent is an 

« 4- i iS^ fa iT^^ mUn0 ~ y Wl,€!,Bl,, *^ «* of «-0^t of claim. 1.2.9. ,0. 11. 12 . 13 
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F I G. 1a 




10 50 200 1000 

Estrogen ( ng/mZ) 

A combination of E15-008 and estriol-1 6,1 7- 
dihemisuccinate-peroxidase. 



F I G. 1b 



<D 
O 
C 
CO 
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1.5 



1.0 



0.5 




0> 1 1 1 ' — 

10 50 200 1000 

Estrogen ( ng/m^) 

A combination of E1 5-008 and estrone-17- 

carboxymethyloxime-peroxidase. 

A: A standard estrogen solution was added 60 
minutes after the addition of a solution of 
the peroxidase-labelled estrogen derivative. 

B: A standard estrogen solution was added 
immediately after the addition of a solution 
of the peroxidase-labelled estrogen derivative. 
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Estrogen ( ng/ m ^) 

' "' A combination of E17-102 and estriol-16 17- 
dihemisuccinate-peroxidase. ■ 




o L «■ 1 i ' 

10 50 200 1000 



Estrogen ( n g/mi) 

A combination of E17-102 and estrone-17- 

carboxymethyloxime-peroxidase. 

A: A standard estrogen solution was added 60 
minutes after the addition of a solution of 
the peroxidase-labeiled estrogen derivative. 

B: A standard estrogen solution was added 

immediately after the addition of a solution of 
the peroxidase-labeiled estrogen derivative 
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Estrogen 

■^-3 Qng/ml 



-S lOng/mZ 



-2 50ng/mZ 



-I 200ng/m^ 



llOOOng/m.6 
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Immune reaction period (min) 
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10 50 200^1000:5000 

'..!■'>■"•.' . .." Estradiol Cipi/m'z) 

A combination of :E2U3-&74 and estradiol-6- 
^fboxymethylo.xiOTe;peFoxid?s^o: 
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10 50 200 1000 5000 
Estradiol ( Pg / m ^) 

A combination of E2 13-074 and estradiol-6a- 
hemisuccinate-peroxidase. 
A: A standard estradiol solution was added 60 
minutes after the addition of a solution of 
the peroxidase-labelled estradiol derivative 
A standard estradiol solution was added 
immediately after the addition of a solution of 
the peroxidase-labelled estradiol derivative 
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F I G.3c 
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0.5 



~i - 10 ' 50 i 200 1000 5000 
? \ (Estradiol ( vz/vcii) i > 

A combination of E2 26-1 OS and estradiol-6- 
carboxymethyloximerperoxidase. 



F I G. 3d 



<D 
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C 
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10 50 200 1000 5000 
Estradiol (pg/mz) 

A combination of E226-109 . and estradiol-6cc- 
hem isuccinate -peroxidase. 

A: A standard estradiol solution was added 60 minutes 

after the addition of a solution of the peroxidase- 

labelled estradiol derivative. 
B: A standard estradiol solution was added immediately 

after the addition of a solution of the peroxidase- 

labelled estradiol derivative. 
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F I G.A 




Estradiol 



I 50pg/mX 



I 200pg/m4 



1 lOOOpg/mZ 



5 5000pg/mZ 



0 10 20 30 



Immune reaction period (min) 
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F I G.5a 




Progesterone ( ng/m/ ) 

A combination of P7-006 and >pfogesterone-11a- 
hemisuccinate-peroxidase. 



F I G.5b 




Progesterone ( ng/mi ) 

A combination of P7-006 and progesterone-19- 
hemisuccinate-peroxidase. 

A: A standard progesterone solution was added 60 
minutes after the addition of a solution of the 
peroxidase-labelled progesterone derivative. 

B: A standard progesterone solution was added 
immediately after the addition of a solution of 
the peroxidase-labelled progesterone derivative. 
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F i G.5c 




Progesterone ( ng/mz) 

A combination of P 15-037 and progesterone-19- 

nemisuccinate-peroxidase. 

A: A standard progesterone solution was added 60 
minutes after the addition of a solution of the 
peroxidase-labelled progesterone derivative 

B: A standard progesterone solution was added 
immediately after the addition of a solution of 
the peroxidase-labelled progesterone derivative 
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